Introduction
Diabetes mellitus is well-known to accelerate atherosclerotic lesions as well as microvascular injury (1) . Even in young people, high glycohemoglobin group (diabetic) raises the atherosclerotic lesions more extensively than normal subjects (non-diabetic) (2). It is still unclear how hyperglycemia affects the atherosclerosis progression. The modified low density lipoprotein (LDL) is unanimously recognized as an important factor for the progression of atherosclerosis (3, 4). LDL particles in diabetic patients might be altered in a number of ways that may affect their metabolism and atherogenecity (5, 6). These mainly include alteration in composition, enhanced nonenzymatic glycosylation (5) and increased susceptibility to oxidative modification (7, 8). Glycated LDL is increased in diabetic patients, where disease also proceeds under euglycemic conditions (9). The function of glycated LDL, especially glycated and slightly oxidized LDL, has neither been explained well nor distinguished from secondarily oxidized LDL in diabetes.
In this study, we utilized three glycated LDLs ; 1. glycated and slightly-oxidized LDL 2. glycated and autooxidized LDL, and 3. glycated and metal-induced extensively-oxidized LDL. The effect of these glycated LDLs for vascular smooth muscle cell (SMC) was investigated in order to clarify the influence of glycated LDL on atherosclerosis.
Our study was focused on the proliferation, migration, cell injury, programmed cell death (apoptosis) and protease activity of SMC influenced by three different types of glycated LDL addition. difference of SMC number between the groups of nLDL and GLDL (Fig. 1) .
SMC migration rate
The migrated SMC number in the GLDL-LOX group was significantly increased compared with the nLDL, GLDL and GLDL-OX groups. This suggested that GLDL-LOX might promote SMC migration. There was no significant alteration by the addition of GLDL-OX, compared with the nLDL group (Fig. 2) .
PDGF-R immunoreactivity
SMC in the nLDL and GLDL-LOX groups showed immunoreactivity of PDGF-R in the cell surface and cytoplasm (Fig. 3) . The GLDL-LOX group revealed a higher number of PDGF-R positive cells than the nLDL group (p <0.05).
PDGF-R expression was not induced by the procedure of oxidation of glycated LDLs in cultured SMC (Fig. 4) .
Apoptosis and Bax protein
Apoptotic cells, detected by the TUNEL method, and Bax protein-positive cells were demonstrated in SMC of the GLDL and GLDL-OX groups (Fig. 5) . The number of apoptotic cells of GLDL was significantly higher than that of the GLDL-OX group. No notable reactivity was found in SMC of the nLDL and GLDL-LOX groups, for either apoptosis or Bax protein (Figs. 6, 7) .
Protease activity In the GLDL-LOX group, protease activity, calculated by the formula described above, was significantly higher than in the nLDL, GLDL and GLDL-OX groups (Fig. 8) ed with glucose and 1 mM EDTA was described as primary surface oxidized LDL, characterized by phosphatidylcholine hydroperoxide production (13, 14). Thus, GLDL was described as glycated and auto-oxidized LDL (15). The GLDL-LOX utilized for this study was not determined exactly as "pure glycated, non-oxidized LDL" because it was unclear whether BHT and EDTA could inhibit oxidation completely, especially minimal oxidation. Minimal oxidation could not be evaluated by the TBARS method. Although further investigation for lipid analysis might be required, our GLDL-LOX could be described as slightly-oxidized LDL.
In our results, GLDL-LOX addition increased number of the SMC and migrated SMC. The cell number increasing could not conclusively indicate SMC proliferation, but Ki67 expression was demonstrated in a few SMC of GLDL-LOX (data not shown). Thus, these results suggest that glycated LDL evokes intimal thickening by migrated SMC proliferation in the early stage of diabetes mellitus ; the state of little oxidative stress.
PDGF receptor, already associated with the expression of SMC in thickened intima of atherosclerosis (16), could be related to this proliferation by our method of counting the positive cell number. In addition, GLDL-LOX could induce the phenotypic change of SMC, leading to SMC migration. In contrast, GLDL-OX and GLDL revealed strong cell injury or apoptosis induction. These results might imply the formation of a necrotic core in late or advanced stage atherosclerosis.
Two different types of glycation-reactive substance are known. One is the amadori product, produced in the early stage during glycation, approximately one to three weeks after conmencement (17). The other is advanced glycosylation end products (AGE), formed in the late stage (18). In this study, little attention was paid to AGE, because the time of glycation was almost 1 week. Thus, the amadori product might have played a major role in some of our results. The function of the amadori product has not been investigated, but its existence was established in experimental diabetic rat aorta (19). Apoptosis, well-known as the morphosis of programmed cell death, plays a key role in atherosclerosis (20). Oxidative stress is a mediator of apoptosis (21). Our study suggested that LDL glycation itself caused neither apoptosis nor necrosis, with little oxidation.
In glycated LDL, apoB protein glycation, mainly on lysine residues, and the change of lipid composition were main alterations in addition to auto-oxidation (22). Glycated LDL enhances uptake of LDL by monocytederived macrophages. This is probably mediated by a low-affinity, high capacity surface receptor (called AGE receptor) (23) or scavenger receptor (24). Glycation and oxidation are closely related and could mutually accelerate each other (25). Oxidized LDL performs various functions (26), and the combined glycation and oxidation of LDL generated a product that was more atherogenic than either glycation or oxidized LDL alone (27).
The importance of atheromatous plaque rupture in the incidence of acute myocardial infarction has been identified (28). Protease, like matrix metalloprotease (MMP), took a key role of plaque rupture in the extracellular matrix degradation.
The expression of MMP has been demonstrated on migrated SMC in the ruptured atheroma (29-31). Although we did not investigate the function of MMP in detail, the casenolytic activity we presented could suggest MMP-3 (stromelysin) activity (11). Thus, this result might suggest that diabetic patients are at risk of plaque rupture.
We emphasized on the clear difference among glycated slightly-oxidized, glycated, auto-oxidized, and glycated extensively-oxidized LDLs. Further investigation will be required for detail biochemical or molecular analyses, but our hypothesis was that LDL glycation itself promoted the early atherosclerosis and glycated LDL was concerned with the formation of a necrotic core under the additional oxidative stress.
It was concluded that a high level of serum glucose was a definitive high risk factor for atherosclerosis, even with little oxidative stress. 
